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Figure 1.1. An overview of the research reported in this thesis and its relationship to 
the stages of development for the KidFit Screening Tool. 
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studies that genetics had a strong effect on BMI variation across all age ranges, with 

the effect proving stronger than the environmental influences.  

 

In addition to the genetic influences, an international review of the literature revealed 

a consistent and positive relationship between birth weight and BMI in childhood and 

that child overweight and obesity are strong risk factors for adult overweight and 

obesity (Parsons, Power, Logan & Summerbell, 1999).   Additionally a retrospective 

cohort study of 8494 children by Whitaker (2004) demonstrated that among low-

income children, maternal obesity in early pregnancy more than doubles the risk of 

obesity at 2 to 4 years of age. 

 

The Avon Longitudinal cohort study of 8234 children aged 7 years, found eight factors 

in early life were associated with an increased risk of obesity in childhood, supporting 

the notion that the environment in early life plays a role in determining risk of later 

obesity (Reilly, Armstrong, Dorosty et al, 2005).  These early life risk factors included 

parental obesity (both parents), very early (by 43 months) BMI or adiposity rebound, 

more than eight hours spent watching television per week at age 3 years, catch-up 

growth, standard deviation score for weight at age 8 months and 18 months; excessive 

weight gain crossing upward centiles in first year; birth weight, per 100g; and short (< 

10.5 hours) sleep duration at age 3 years (Reilly et al, 2005).   

 

Parental obesity may increase the risk of their child having obesity through genetic 

mechanisms or by shared familial characteristics in the environment such as food 

consumption preferences (Francis, Lee & Birch, 2003). 

 

Modern Australian society (with industrialisation, economic development, 

urbanisation and changes in technology) has and largely is, contributing to the obesity 

epidemic we are facing, with a host of epidemiological studies supporting this notion.  

Many of the studies investigating dietary and physical activity behaviour on Australian 

children have relied on self / parent reported data (not directly measured).  This has 
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exertion (Swinburn, Caterson, Seidell & James, 2004; Mayor, 2004; Schwartz & Puhl, 

2003).  For example, a recent spatial analysis in Chicago, USA found that fast food 

restaurants clustered around schools (Austin, Melly, Sanches et al, 2005).  The reviews 

of 112 intervention studies reported by Brug et al (2006) indicated strong evidence for 

positive effects of physical and socio-cultural environmental changes, on eating and 

physical activity behaviours, rather than targeting societal level changes to the 

environment.   

 

Based on the available literature, there appears to be a consensus that in order to 

tackle the current obesity epidemic, individuals must make behavioural changes that 

may be enhanced by multidisciplinary input.  To enhance the opportunity to do so, 

there must be broader ecological approaches to the prevention of obesity supported 

by government policy.   

  

With the ever increasing academic demands of children (leading to non-recreational 

screen time) and with increased requirements for time spent on non-physically active 

curriculum areas, we are seeing our population of children become more overweight 

and less fit (Department of Health, 2008).  Abbott et al (2007) found that more than 

two in five boys overall and one in four Year-10 girls exceeded the current daily 

recommendations for time spent on screen-based electronic media and that this trend 

generally increased with age.  The prevalence of overweight and obesity in Queensland 

children was shown to demonstrate similar trends of increasing with age, stretching 

towards the upper end (i.e. obese and very obese) although the prevalence of obesity 

was actually highest in Year 5 girls (Abbott et al, 2007). 

 

Increased and enhanced opportunity for accessing recreational media may also be 

blamed for the excessive weight gain in children.  A population based study by 

Hernandez, Gortmaker, Colditz et al, (1999) of children in Mexico City found that with 

each additional hour of television viewing per day, the risk of obesity was increased by 

10%.  This positive correlation between time spent viewing television and obesity risk 
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Firstly, physiotherapists work as first contact practitioners within primary care settings 

such as ambulatory services, private practices, community health settings, hospitals 

and in some instances schools.  Working in these settings places them in an ideal 

position to provide prevention and or intervention to children and adolescents 

suffering from or at risk of overweight or obesity and associated poor health and well-

being. 

  

Secondly, the core role of paediatric physiotherapists is to work with children and 

adolescents to promote optimal physical function and enhance the development of 

the musculoskeletal, neurological and cardio-respiratory systems.  Physiotherapists are 

therefore primarily concerned with movement, coordination, balance, posture, gross 

motor function and physical fitness.  Paediatric physiotherapists work closely with 

families, carers, teachers, doctors and other health professionals in a holistic approach 

to optimise health and prevent or minimise the effects of physical impairment, which 

ultimately provides the child with opportunities for socialization with peers and 

maximised learning prospects in the quest of becoming a creative and productive 

citizen.  Children with weight problems have associated fitness impairments (Haga, 

2008a) and are often poorly coordinated with motor skill deficiencies, thus making it 

harder for them to be active.  This creates a vicious cycle of further sedentary 

behaviour, decreased physical activity, and worsening states of health and 

performance-related fitness.  Improving fundamental movement skills (a core role of 

physiotherapists) has been shown to increase the enjoyment of physical activity (Okley 

& Booth, 2000).  Thus one could reasonably assume that an increase in the enjoyment 

of physical activity would result in an actual increase in the amount of physical activity 

being undertaken. 

 

Cantell et al, (2008) found that children and adolescents with lower motor competence 

had significantly higher BMIs compared to those with high motor competence and that 

motor skills and static balance were significant predictors of BMI, therefore indicating 

that individuals with low motor competence have compromised health-related fitness.  



http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Okely%20AD%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
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physical activity which in turn can improve health-related fitness.  Thus a screening 

tool that can identify impaired motor proficiency for those with poor health-related 

fitness is required to assist with facilitating the referral process to physiotherapy.  Such 

a tool could help bridge the gap between services already providing input to 

overweight and obese children and access to physiotherapy for assessment of motor 

skill deficiency for more targeted intervention.   

 

Research in the physiotherapy / child obesity and fitness area is only just emerging in 

the literature.  Studies such as those by Cantell et al (2008), Oakley et al (2004), and 

Haga (2008a), highlight the need for the development of a simple, time efficient, 

reliable, valid and accurate screening test of health and motor performance-related 

fitness which are known or predicted to be associated with obesity and the 

progression towards chronic disease and illness.  Such a screening tool could be used 

by PE teachers, coaches and other health professionals to assist with referring 

appropriate children to physiotherapy services for more detailed assessment and 

targeted intervention. 

 

Although a number of measures already exist for the assessment of health and motor 

performance-related fitness (see section 2.12), many are either too time consuming, 

too expensive or require highly specialised personnel to interpret the findings, 

preventing the inclusion of such tests for use in the proposed screening tool.  A 

screening tool needs to be quick (approximately 5 minutes) and simple for 

implementation by many disciplines to be accepted and established as a functional 

tool in clinical practice.  Consequently, components of the newly designed KidFit 

Screening Tool which had not previously been published have been validated against 

the gold standard test of motor proficiency (Bruininks Oseretsky Test of Motor 

Proficiency (2nd Edition) - BOT2) and other established fitness measures (e.g. VO2peak 

relative to body mass).  Such validated measures are discussed below.   

 

 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Okely%20AD%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
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CV risk factors and metabolic syndrome in adolescents (Cook, Weitzman, Auinger et al, 

2003; Katzmarzyk, Srinivasan, Wei et al, 2004).  In the shortfall of Australian reference 

data, US WC percentiles will be used.    

 

2.13.3 Muscular strength and endurance 

Deforche, Lefevre, De Bourdeaudhuij et al, (2003) in a study investigating physical 

fitness and physical activity in obese and non-obese children, found that absolute 

muscular strength was significantly greater in obese children and adolescents.  

However, once corrected for body mass, obese children have been shown to have 

reduced muscle strength (Tsiros, Coates, Howe et al, 2012) which results in decreased 

functional strength for use in every day weight-bearing activities (Tsiros, Buckley, 

Howe et al, 2012).  Additionally, on tests of muscular endurance, obese children 

perform worse than non-obese children (Chen et al, 2006), suggesting that as muscular 

endurance tasks (e.g. sit ups and push ups and child play) require rapidly repeated 

gross motor movements of large percentages of body mass, it results in a more 

difficult undertaking for the obese child.  As it is the speed and agility component of 

muscular endurance activities that obese children find more difficult (rather than pure 

muscular strength), it was not considered necessary to have a separate strength 

measure included in the proposed screening tool.  With the BOT2 including a specific 

strength measure it was possible to monitor this measure in the preliminary phases of 

this study program.   It was planned that if at the completion of Chapter 5 of this 

research program the results from the BOT2 (gold standard comparison tool) strength 

subtest revealed an association with overweight or obesity risk factors, then either a 

functional strength measure or directly measured strength test may have been 

included in the screening tool.   

 

A new measure (the Speed and Agility Motor Screen - SAMS) was proposed for 

investigation as part of this research program.  The SAMS was thought to incorporate 

the components of coordination, functional strength, balance, speed and agility in line 

with the challenges that these elements pose for overweight and obese children.  As 
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child has picked up a bean bag but has not returned it to the box.  It is acknowledged 

that the MSTP involves some additional skills of grasping to pick up the bean bag, 

however this was intended to better engage young children in the activity as it is task 

oriented.  The reliability and validity of the MSTP as a cardiorespiratory fitness 

measure for children requires validation against the gold-standard reference VO2max 

relative to body weight, as well as the commonly used field test; the 20m Multi-stage 

run test.   

 

2.13.5 Flexibility 

Although obese children have demonstrated similar results to non-obese children in 

flexibility, using the Sit and Reach Test (Deforche et al, 2003; Chen et al, 2006), no 

reported studies have incorporated upper limb flexibility measures with overweight or 

obese children.  For this reason a new Upper Limb Flexibility Test (ULFT) has been 

designed to allow easy and quick measurement using an inclinometer or angle finder 

on the triceps muscle of the child.  During this test the child is standing upright as they 

extend their arms behind their body, whilst keeping their elbows straight and holding a 

standard sized bar between their hands.  Both the Sit and Reach and the ULFT will be 

included in the suite of measures used for this research program and the reliability and 

validity of the ULFT will be investigated.  Subsequently, the association of this measure 

with overweight and obesity in children will be determined.  The Sit and Reach test has 

been chosen for inclusion based on the prominence of this measure in many 

musculoskeletal fitness tests commonly used throughout the world.  Patterson, 

Wiksten, Ray et al (1996) found the sit and reach test had moderate validity to assess 

hamstring flexibility compared to goniometric measurement of hamstring length in 

school aged children.  Based on the complexity of accurate goniometric measurement, 

and its moderate validity, the Sit and Reach test was chosen as a simple measure for 

indicating lower limb flexibility to compare to the new measure of ULFT.    
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manual dexterity and fine motor integration), and gross (e.g. static and dynamic 

balance, upper limb and bilateral coordination, speed and agility) motor skills 

(Henderson & Sugden, 1992; Bruininks & Bruininks, 2005).   

 

Piek et al, (2006) report on the important implications of motor competence for 

different aspects of child and adolescent development, including the awareness that 

children with low motor competence are at increased risk of a variety of psychological 

difficulties and that poor motor competence is associated with overweight and obesity.   

Children and adolescents demonstrating lower motor competence have a significantly 

higher Body Mass Index (BMI) compared to those with high motor competence (Piek, 

Baynam & Barett, 2006) and in addition, motor skill ability and static balance have 

been indicated as significant predictors of BMI, signifying that individuals with low 

motor competence have increased likelihood of compromised health-related fitness 

(Cantell, Crawford & Tish Doyle-Baker, 2008).  A further study has shown BMI and 

waist circumference to be significant predictors for ability to perform Fundamental 

Motor Skills - run, vertical jump, throw, catch, kick, and strike (Oakley et al, 2004) again 

linking motor proficiency to weight status. 

 

Cawley and Spiess (2008) reported that the association between obesity and motor 

skill attainment is stronger for boys than girls.  Additionally, motor competence 

significantly impacts on the likelihood of a child participating in physical activity (Smyth 

& Anderson, 2000) which creates a negative spiralling effect for overweight and obese 

children with regards to participation in healthy lifestyle behaviours.    

 

There are many motor skill assessment tools available in Australia and internationally, 

however the majority of these tools are expensive to purchase in the standardised kits 

and require a considerable financial outlay for each individual test form for every child.  

These tools also take a considerable amount of time to implement.  For example, the 

Bruininks Oseretsky Test of Motor Proficiency - BOTMP and the Bruininks Oseretsky 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Cantell%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Cantell%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Tish%20Doyle-Baker%20PK%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Okely%20AD%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
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2.14.3 Development of the Speed and Agility Motor Screen (SAMS) as a 

measure of Coordination, Speed, Agility and Balance 

Coordination can be divided into upper limb coordination and bilateral coordination 

tasks (Bruininks & Bruininks, 2005).  Many upper limb coordination tasks involve object 

control or ball skills.  As previous research (Oakley et al, 2004; Southall, Oakley & 

Steele, 2004) has demonstrated that body composition is poorly correlated with ball 

skills (i.e. kicking, forehand striking, catching and throwing), an upper limb 

coordination task has not been included in the suit of measures selected for this 

research program, other than those included in the BOT2.   

 

Overweight and obese children have been shown to perform worse than non-obese 

children on muscular endurance tasks (Chen et al, 2006).  Many muscular endurance 

tasks involve repetitive movements requiring whole body coordination, speed and 

agility, rather than pure muscular strength (e.g. sit-ups and push-ups).  Gross-motor 

proficiency typically includes measures of balance, coordination, strength, speed and 

agility (Bruininks & Bruininks, 2005) and has been shown to significantly impact upon 

the likelihood of participation in physical activity (Smyth & Anderson, 2000), overall 

performance on cardiovascular fitness tests (Hands & Larkin, 2006; Cairney, Hay, 

Faught et al, 2007) and the extent of excessive weight and obesity (Faught, Hay, 

Cairney & Flouris, 2005).  For these reasons it was deemed important to include in the 

screening tool a measure of motor proficiency that was quick and easy to administer.  

The Speed and Agility Motor Screen (SAMS) was designed for this purpose and is 

thought to include motor performance fitness components of speed and agility, core 

strength, whole body coordination and balance.  These components are known to 

individually challenge overweight and obese children (Haga, 2009).  The SAMS is a 

timed test while the child moves from standing with hands by side, to laying prone 

with hands above head and feet together, then rolling as a log 360 degrees, standing 

up and performing a two-stage jumping jack (star jump).   
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the overall accuracy of the tool can be determined.  Sensitivity refers to the 

percentage of children who are correctly identified as having the condition/s they are 

being screened for (true positives).   A screening test with low sensitivity is likely to 

miss many children who have the condition being screened for (false negatives).  

Sensitivity could perhaps be the most important characteristic for the KidFit Screening 

Tool because if the sensitivity is low, it will miss children who require further 

investigation of their motor proficiency as a possible contributor to their poor health-

related fitness or inactivity.  Specificity refers to the percentage of children who are 

correctly identified as not having the condition they are being screened for (true 

negatives).  A test with a low specificity is likely to incorrectly identify children as 

having a problem when they do not (false positives).  Knowledge of the sensitivity and 

specificity rates allow the predictive values of the test to be determined and an 

accuracy value for the screening test to be established.  These values are critical for 

deciding on the usefulness and trustworthiness of a screening tool.  If PE teachers, 

coaches or health professionals were to spend their valuable time applying a screening 

tool to children for any purpose they should expect to be able to trust the results to a 

high degree and be able to use the results to assist with making decisions about 

referral to specialised services for detailed assessment of the developmental area in 

question.    

 

A final point for consideration in the development of any screening tool is how well the 

sample used in the study represents the sample it is intended for use with.  It is 

therefore critical to include children in this study with a diverse range of motor 

proficiency and fitness levels and to monitor the participant sampling for bias towards 

particular populations throughout each of the studies in this doctoral research.   

 

 





http://dx.doi.org/10.1071/PY14101
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Currently, limited data is available to infer obesity-related physiotherapy practice 

trends, tools used or barriers to service provision for this population of children in 

Australia.  There is no available data outlining self-perceived training needs of 

physiotherapists for enhancing practices with overweight or obese children.  

Therefore, the purpose of the present study was to: a) explore current physiotherapy 

workforce practices in relation to the management of children who are overweight or 

obese, and b) identify the training and professional development needs of 

physiotherapists, including the perceived need for physiotherapy clinical guidelines to 

best manage overweight and obese children. 

 

 

3.5  METHODS 

Participants 

With the assistance of designated personnel in existing state departments, databases 

of physiotherapists servicing children in general, were used to develop an initial 

sample frame for distribution of the questionnaire.  Questionnaires were distributed 

through 13 key paediatric physiotherapists who were spread across a mix of health, 

education, disability and private sector services throughout Australia.  Each mailed 

questionnaire was accompanied with instructions to copy and forward to other known 

paediatric physiotherapists; a technique known as snowball sampling (Grbich, 1999). 

Additionally, the survey was advertised (with an on-line link to the survey) through the 

Australian Physiotherapy Association (APA) - National Paediatric Group (NPG) 

Newsletter, which was distributed to all APA members who were registered with the 

NPG at the time.  Physiotherapists working with children in a range of clinical settings 

(health, education, disability and private sector), with varied degrees of training and 

experience, across Australia were invited to participate in the survey.  Exclusion criteria 

included physiotherapists not providing services to children. This sampling method 

resulted in completed questionnaires from 64 physiotherapists who provided services 

to children.  
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Design 

A cross-sectional survey design using self-administered questionnaires was employed.  

The survey tool was developed in three phases: Firstly, the Queensland Paediatric 

Obesity Working Group physiotherapists were consulted to identify key questions 

relevant to physiotherapy practice in this context.  Secondly, the drafted questionnaire 

was piloted by five generalist physiotherapists and individual debriefing was used to 

assess question ambiguity.  Finally, the questionnaire was modified to reflect feedback 

pertaining to knowledge of prevalence of overweight and obesity, prior to distribution 

to potential study participants.    

 

Tools 

The survey questionnaire consisted of eight sections: 1. Demographics, 2. 

Physiotherapy service provision, 3. Referral sources and waiting times, 4. 

Interventions, 5. Outcome measures and assessment tools, 6. Training and 

professional development, 7. Utilisation and development of clinical guidelines and/or 

departmental policies, and 8. Knowledge of prevalence of overweight and obesity (see 

Appendix 12).  Twenty-five closed ended questions were used. One open-ended 

question relating to potential content themes for inclusion in guidelines for 

physiotherapists was included.  Distributed questionnaires included a covering letter 

and explanatory statement, inviting physiotherapists working with children in general 

(not just obese children) to complete the questionnaire.  Ethical approval was granted 

by Bond University Human Research Ethics Committee. 

 

Data analysis 

All quantitative data were entered into SPSS Statistics software, Version 21 (IBM Corp, 

Amonk, NY, USA) for storage and analysis.  Descriptive statistics were used to present a 

demographic profile of participants and to compare response distributions for all 

closed ended questions.  Quantative data was presented as count scores.  Chi-square 

analysis was used to compare response distributions for multiple-response scale 
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3.8  LIMITATIONS 

Despite the fact that not all Australian physiotherapists are members of the APA, the 

best reference data accessible for comparison to the present survey was the 2011 

APA-NPG membership data.  The methodological issue of having limited information 

systems to enumerate workforce and compare data is consistent with issues outlined 

in broader public health workforce research (Gebbie, 2000; Gebbie & Merrill 2001).  It 

is not known how representative the study sample is of all Australian physiotherapists 

working with children and this presents as a limitation to the study.  Although, age and 

gender characteristics of survey respondents were consistent with APA-NPG 

membership data, our survey has a small but significant sampling bias towards 

physiotherapists with a Diploma or Bachelor degree as their highest professional 

qualification. Future research should address the aforementioned methodological 

issues (data collection methodology and appropriate sample size).  Further research is 

required to investigate if the rates of service provision to overweight and obese 

children would be higher for physiotherapists with a graduate-entry qualification (i.e. 

entry level Master or entry level Doctor qualifications to practice as a physiotherapist) 

where exercise science is their primary degree with obesity and chronic disease 

assessment and management commonly covered in curriculum. 

 

 

3.9  CONCLUSIONS 

This paper provides intelligence to suggest that physiotherapists are currently 

providing little input into the management of children who are overweight or obese, 

despite having a skill-set that is appropriate to work with this population.  Findings 

from this study can inform both public health and physiotherapy-specific workforce 

development strategies to enhance overall competency in the important clinical area 

of child obesity.  In particular, professional development needs amongst the current 

physiotherapy workforce have been identified.  In line with this information new entry 

level curricula could be developed to ensure the future workforce is prepared to 

manage children who are obese or overweight. Furthermore this study provides key 
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themes for inclusion in physiotherapy clinical guidelines to better prepare 

physiotherapists to work with overweight and obese children and their families.  

Caution should be exercised to ensure that development of such guidelines is not 

restricted to the needs identified in this survey and should be coupled with evidence-

based practice applied across the health, development, disability and education 

sectors.   

 

The potential contribution of physiotherapists as primary contact practitioners in 

obesity prevention and management is unlikely to be realized without further 

workforce development effort, including practitioner up-skilling, curriculum changes 

and development of clinical guidelines to inform physiotherapy practice. 

 

 

3.10 REFERENCES 

References for this study can be found in the full reference list in Chapter 10 of this 

thesis. 
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Conclusions: Physiotherapists and PE teachers demonstrated very high inter-tester 

reliability for most measures, supporting the notion that adequately trained PE 

teachers and physiotherapists could assist with screening the health and motor 

performance-related fitness of children to guide decisions about referral to specialised 

services for detailed assessment and pre-emptive interventions. 

 

Key Words: Children, Overweight, Obesity, Screening, Anthropometric, Fitness, Motor 

Proficiency, Reliability. 

 

 

4.3   INTRODUCTION 

The prevalence of overweight and obesity has increased significantly over the past two 

decades with approximately 25% of  Australian children now considered overweight or 

obese (Booth, Chey, Wake et al, 2003; Magarey, Daniels & Boulton, 2001).  As 

approximately half of all Australian adults are overweight or obese (National 

Preventative Health Taskforce, 2008) and as weight status in young children is an 

important predictor of health related consequences in adulthood (Magarey, Daniels, 

Boulton, & Cockington, 2003; WHO, 1998; Dietz, 1998; Power, Lake & Cole, 1997), it is 

important to identify as early as possible, children who are at risk of or are overweight 

or obese.  There is also a known link between health status and academic performance 

in children (Castelli, Hillman, Buck et al 2007).  

 

Currently, a number of anthropometric tools are used to screen and assess children for 

overweight and obesity with BMI percentiles and BMI Z scores proving to be 

commonly used for classifying overweight and obese children in Australia.  Although 

both of these measures have documented problems for use as standalone tools, they 

are useful for classifying children as overweight or obese but have limited ability to 

guide the referral and therapeutic process.  
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measurement and this is not likely to be taken up by PE teachers who largely have a 

hands-off policy to working with children.  Additionally no significant difference was 

found between the WC measures taken at the iliac crest compared to those taken at 

the umbilicus.  The WC measure taken at the umbilicus is an easier measure to take for 

those who do not possess good anatomical skills and it does not require palpation of 

the bony landmark which can be challenging in overweight and obese children.  For 

this reason the WC measure at the iliac crest will be removed from the Data Collection 

Sheet and the WC measure at the umbilicus will be retained. 

 

Magarey et al (2003) concluded their obesity-related study by suggesting that 

strategies for prevention of overweight including targeted interventions for preventing 

child overweight progressing to adult obesity are urgently required.  This reliability 

study provided a preliminary step for creating a tool that will assist with referring 

children for detailed assessment and targeted interventions to improve their health 

and motor performance-related fitness.    

 

 

4.7   LIMITATIONS 

In this study, PE teachers and physiotherapists only were used to ascertain the inter-

tester reliability of the measures to be used for further data collection.  The sampling 

of testers for this study could have been extended to coaches and other health 

professionals (e.g. nurses).  Additionally the number of testers was relatively small, 

however without compensation of their time, it was difficult to engage testers for 

longer than 1 day which also precluded this reliability study having more child 

participants.  For this reason the sampling of testers was deemed appropriate to meet 

the aims of this study and to move forward with validating the newly designed 

measures.       
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4.8   CONCLUSIONS 

This study demonstrates that adequately trained physiotherapists and PE teachers 

display very high inter-tester reliability for many anthropometric and motor fitness 

measures, supporting the notion that these health and education professionals could 

assist with screening the health and motor performance-related fitness of children.  

These results also suggest that the testers used for this study are suitably trained to 

participate in further data collection for this doctoral research.   

 

Further studies are needed to investigate the validity of the measures included in this 

tool for screening children, including overweight and obese children, and to investigate 

the reliability of these measures with other health-related personnel implementing the 

measures.  This would expand the utility of the tool and improve the possibilities for 

timely and accurate referral pathways to suitable health professionals. 

 

 

4.9   REFERENCES 

References for this study can be found in the full reference list in Chapter 10 of this 

thesis. 
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3.3 SUMMARY STATEMENT 

What is already known on the topic? 

1.  The physical fitness of children and adolescents internationally has been declining 

over the past 30 years. 

2.  In order for children to be physically fit, they need to be physically active. 

3.  To be physically active children require the combined attributes of both health-

related fitness (e.g. cardiorespiratory endurance, heart and blood pressure responses 

to exercise and body composition) and performance-related fitness (e.g. motor 

proficiency) 

 

What this study adds? 

1.  Motor proficiency, after controlling for age and gender is negatively associated with 

health-related measures including resting systolic and diastolic BP, weight, BMI and 

WC and has a positive relationship with cardiorespiratory fitness (VO2peak).   

2.  Strength and Running Speed and Agility were the strongest contributors to the 

relationship between motor proficiency and the health-related measures of WC, BMI 

and cardiorespiratory fitness (VO2 peak). 

 

 

3.4 INTRODUCTION 

The physical fitness of children and adolescents internationally has been declining over 

the past 30 years with adiposity increasing (Tomkinson, Leger, Olds et al, 2003; 

Wedderkopp, Froberg, Hansen & Anderson, 2004).  In order for children to be 

physically fit, they need to be physically active (Andersen, Harro, Sardinha et al, 2006) 

and to do this children require the combined attributes of both health-related fitness 

(e.g. cardiorespiratory endurance, heart and blood pressure responses to exercise and 

body composition) and performance-related fitness (e.g. motor proficiency) (Haga, 

2008a).   
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Protocols 

Health-related Measures 

After 10 minutes of quiet rest, HR and BP were measured in a seated position using a 

portable self-inflating blood pressure monitor (Omron T9P, Kyoto, Japan).  Paediatric 

and small adult blood pressure cuffs were used depending on mid biceps 

circumference.  Height, weight and WC measurements were taken individually behind 

a privacy screen, to prevent other children observing the measures.  Standing height 

was measured barefooted at the end of tidal inspiration on a solid surface using a tape 

measure to the nearest 0.5cm. Weight was measured with light clothing on (e.g. shirt 

and shorts), using calibrated digital weight scales (HD-366, Tanita Corporation, Tokyo, 

Japan).  Height and weight measurements were used to calculate BMI, including 

percentiles and Z scores, using CDC growth charts (Centers for Disease Control and 

Prevention, 2014). WC was measured to the nearest 0.5cm at the height of the 

umbilicus.     

 

Motor Skill Proficiency 

The Bruininks Oseretsky Test of Motor Proficiency (BOT2) is a valid and reliable 

diagnostic and evaluative tool (Bruininks & Bruininks, 2005)) that was used to assess 

motor proficiency of all participants.  The BOT2 includes a number of subtests: Fine 

Motor Precision and Fine Motor Integration Total Point Scores (TPS) combine to make 

up the Fine Manual Control scale score; Manual Dexterity and Upper Limb 

Coordination TPS combine to make up the Manual Coordination scale score; Bilateral 

Coordination and Balance TPS combine to make up the Body Coordination scale score; 

Running Speed and Agility and Strength TPS combine to make up the Strength and 

Agility scale score.  The scale scores combine to make up the Standard Scores (SS) 

which take into account age and gender and are totaled to make up the Total Motor 

Proficiency SS.  All Standard Scores are converted to a percentile rank.  Standardised 

instructions and scoring methods were applied in the assessment process as per the 

BOT2 assessment manual (Bruininks & Bruininks, 2005), with the exception of the 

order of testing, which was scheduled around cardiorespiratory fitness testing.    
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who completed the incremental exercise test (n=24, Mean BMI 

Percentile=53.86±33.08, Mean BMI Z score=0.19±1.37, Mean Total Motor Percentile 

Rank=53.88±32.53).  Significant positive correlations existed between Total Motor 

Proficiency SS and VO2peak (mL/kg/min) (r=0.418, p=0.042) as well as the Strength and 

Agility SS and VO2peak (mL/kg/min) (r=0.630, p=0.001).  This relationship strengthened 

considerably when examined for children in the 1st Motor Quartile Group (n=6), 

(r=0.948, p=0.004).  No significant difference was found for age (t= -3.088, DF=75, 

p=0.375), Total Motor Proficiency (t=1.700, DF=75, p=0.195) or BMI percentile (t= -

0.659, DF=75, p=0.659) for children who completed VO2peak testing compared to 

those who did not.  

 

Multiple regression analysis was used to examine the contribution of age and gender 

to the relationship between motor proficiency (BOT2 Scores) and health-related fitness 

and these results are provided in Table 5.4.  Although a model of combined BOT2 TPS + 

Age + Gender, was found to have the strongest relationship with the independent 

measures of WC, BMI and VO2peak, the influence of gender to these relationships was 

not significant (WC: p=0.148, BMI: p=0.079, VO2peak: p=0.291) and gender could 

therefore be removed from the model with negligible effect (see Table 5.4).  Notably, 

the relationship between the health-related fitness measures and a combined model 

of Strength TPS and Running Speed and Agility TPS + Age, was almost as strong as the 

model that included all motor subtests (combined BOT2 TPS).   

 

 

 

 

 

 

 

 






























































































































































































































































































